Peripheral nerve catheters are effective and well-established tools to provide postoperative analgesia to patients undergoing orthopedic
Introduction
An effective option to provide postoperative analgesia to patients undergoing surgery of the knee is the insertion of femoral nerve catheters [1] , [2] , [3] . Although major complications of these techniques seem to be rare, their increasing use may lead to the occurrence of rare problems [4] , [5] , [6] . Reports on such events provide important information to all practitioners of regional anesthesia. Our aim is to report on the complication we encountered in order to contribute to the recognition of potential risks and, possibly, to improve the techniques involved.
Case presentation
The patient consented to publication of this report. A 42-yr-old ASA II woman with bilateral gonarthrosis was scheduled for left-sided total knee arthroplasty. Spinal anesthesia and preoperative insertion of femoral and sciatic nerve catheters for postoperative analgesia were planned. Following Winnie's approach, the femoral nerve was located without problems in a depth of 4 cm using a nerve stimulator (HNS 11 TM , Braun, Melsungen, Germany) [7] . No unusual resistance was felt during needle insertion. Twenty milliliters of 0.2% ropivacaine were injected and the catheter (Stimulong Plus TM , Pajunk, Geisingen, Germany) was inserted. The catheter could be threaded very easily and was inadvertently inserted to a depth of 25 cm (we usually thread femoral nerve catheters 5-8 cm beyond the needle tip) [7] . It was tunneled subcutaneously and then retracted without problems until, at the 15-cm-mark, significant resistance was encountered. Traction was applied until the catheter began to stretch so that the distance between two 1-cm markings enlarged significantly. After having consulted two colleagues proficient in regional anesthesia as well as the orthopedic surgeon, we decided to remove the catheter by operative intervention. The patient was informed about the problem and she consented to the surgical removal. Insertion of the sciatic nerve catheter, and performance of spinal anesthesia were performed without problems [7] . Surgical dissection of the tissues at the catheter insertion site showed that the catheter had passed through the ileopectineal arch and formed a knot dorsal to it. After removal of the intact catheter, inspection revealed a true knot six centimeters away from the catheter tip (Figure 1 ). The total knee arthroplasty as well as the postoperative course of the patient were uncomplicated.
Discussion
Peripheral nerve catheters are effective options to provide postoperative analgesia to patients undergoing orthopedic surgery and the performance of these techniques is usually considered safe. However, placement of nerve catheters may be associated with a considerable number of side effects and major complications have repeatedly been published [6] . Reports on complications help to recognize potential risks and, possibly, to improve the techniques involved. Although the patient's postoperative course was uneventful, the knotted catheter had to be removed by operative intervention which has to be considered a major complication. In total, the knotting of peripheral nerve catheters is a relatively uncommon phenomenon, occurring in 0.13% of patients [8] , [9] , [10] . In our opinion, two aspects warrant further discussion, i.e. how to avoid the knotting of peripheral nerve catheters, and what to do if it occurs. Knotting a catheter might result from coiling due to threading the catheter too far. This notion is supported by two other reports describing knotted femoral and fascia iliaca catheters. In both reports, catheters were threaded 10-20 cm beyond the needle tip, and coiling of the catheter was considered the underlying mechanism [1] , [11] . Although a greater insertion length might be associated with a higher incidence of coiling of the catheter, coiling does not necessarily lead to knots and, shorter insertion does not exclude knotting of the catheter [12] . In consequence, different insertion lengths of femoral nerve catheters have been reported, but the optimal insertion length still remains unknown [13] , [14] , [15] . Although there is not enough information available to establish a direct relationship between insertion length and catheter knotting, it seems prudent that coiling and knotting a catheter requires a corresponding length of the catheter in situ. Considering the multiple catheter knots reported with insertion beyond 5 cm and the lack of data suggesting that insertion lengths above 5 cm are beneficial, recommending a maximal insertion length of 5 cm seems well justified [6] . The removal of a knotted peripheral catheter should first be tried by altering the patient's position to minimize pressure and tension on the perineural soft tissues according to the recommendations of Offerdahl and colleagues [1] . There, it appears difficult to define the amount of traction that can be applied safely. Not only will it vary among different catheter types, but also will the anatomical structure differ within which the knot is trapped. In our patient, the knot was wedged within the ileopectineal arch and, most likely, the catheter might have broken if we had applied forced traction. If the knot is located in the vicinity of or around a nerve, applying traction may have catastrophic sequelae. We found that the principles for removal of entrapped peripheral catheters are not well known and may differ from those for neuraxial catheters [1] . If a knotted peripheral catheter could not be manually removed, the use of mobile ultrasound machines or radiological imaging may help to localize the perineural catheter in order to facilitate decision-making. In our case, we were highly concerned about the stretching of the catheter when traction was applied. We felt that the risk of catheter breakage and anatomical damage justified its surgical removal, particularly, in face of the planned surgery. This decision was guided by recommendations for removal of superficial catheters, whilst deeper catheters without clinical symptoms i.e. epidural catheters could be left in situ. In our context, early surgical removal was performed also because bacterial colonization of the femoral catheter might cause infection.
Conclusion
We conclude that knotting of a nerve catheter might result from threading the catheter too far. How far to insert a peripheral catheter still remains unknown, but minimizing the insertion length of catheters to 5 cm seems prudent. The principles for removal of entrapped peripheral catheters are not well established and may differ from those for neuroaxial catheters. Techniques for catheter removal range from cautious manipulation up to surgical intervention. Patient re-positioning may facilitate manual catheter removal and thus be an option before surgical intervention is indicated.
Notes

